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INTKODUCTIDN 


One  of  the  major  advances  in  space  research  during  the  past  decade  has 
been  the  verification  of  the  existence  of  electric  fields  in  the  earth's 
auroral  regions  with  components  parallel  to  the  geomagnetic  field  /1, 2/  over 
a  large  altitude  range. 

More  recently,  evidence  for  parallel  electric  fields  adjacent  to  the 
auroral  region  has  also  emerged  /3,4,5/,  leading  to  a  view  of  the  low-altitude 
auroral  region  as  depicted  In  Figure  1.  Tnls  schematic  diagram  shows  two 
regions  of  high- latitude  particle  acceleration  due  to  electric  fields:  the 
auroral  flux  tube  In  which  an  upward  field  aligned  current  Is  carried  by  mag- 
netospherlc  electrons  which  are  accelerated  downward,  and  a  return  current 
region  In  which  Ionospheric  electrons  are  accelerated  upward. 

In  Figure  I,  geomagnetic  field  lines  are  depicted  by  thin  lines  while 
electrical  equlpotentlal  contours  are  drawn  with  thick  lines.  The  diagram  Is 
meant  to  represent  a  region  corresponding  to  an  ionospheric  horizontal  scale 
of  about  100  kilometers  and  a  vertical  scale  of  several  thousand  kilometers. 
The  Irregular  distribution  of  electrical  equipotentlals  within  the  auroral 
flux  tube  Indicates  Che  possible  presence  of  both  parallel  and  perpendicular 
structure  on  smaller  scales.  The  equlpotentlal  contours  are  shown  to  return 
to  high  altitude,  producing  a  V-shaped  electric  potential  structure  with  no 
significant  perpendicular  electric  field  at  ionospheric  altitudes.  A  field- 
aligned  potential  drop  could  be  accomplished  equally  well  with  an  S-shaped 
electric  potential  structure.  An  S-shaped  electric  potential  structure  Is 
drawn  adjacent  to  Che  Inverted-V  region  In  Figure  I,  depicting  a  downward- 
directed  electric  field  In  the  return  current  region.  Indeed,  both  S-shaped 
and  V-shaped  electric  potential  structures  have  been  Inferred  from  satellite 
data  /6,7/. 
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Figure  1.  A  diagram  depicting  the  particle  populations  and  Inferred 

electric  field  structures  which  are  common  to  the  low  altitude 
auroral  flux  tube  and  return  current  region. 


A  number  of  particle  populations  which  are  expected  to  arise  within  the 
Inverted-V  potential  structure  and  adjacent  return  current  regions  are  also 
Indicated  In  Figure  1.  Within  the  Inverted-V  one  finds  downward  accelerated 
1-10  keV  electrons  of  magnetospherlc  origin  and  upflowlng  field-aligned  Ion 
beams  of  ionospheric  origin.  At  low  energies,  electrons  can  become  trapped  at 
low  altitudes  between  a  magnetic  mirror  point  above  the  atmosphere  and  an 
electrostatic  mirror  point  at  high  altitudes.  This  trapped  electron  popula¬ 
tion  Is  expected  to  have  a  counters t reaming  velocity  distribution  at  energies 
below  that  of  the  downflowing  electron  beam.  In  the  return  current  region  a 
reversed  parallel  electric  field  /8/  Is  expected  to  cause  upward  acceleration 
of  ionospheric  electrons  to  energies  of  perhaps  tens  or  hundreds  of  electron 
volts.  Current-driven  instabilities  arising  from  these  upflowlng  electron 
beams  at  low  altitudes  are  expected  to  cause  turbulent  transverse  heating  of 
local  Ionospheric  Ions  /9,i0/  which  can  be  observed  at  all  altitudes. 

The  intent  of  this  report  is  to  review  particle  and  field  observations 
acquired  within  and  adjacent  to  Che  regions  of  space  responsible  for  a<jroral 
particle  acceleration.  The  observations  are  described,  wherever  possible, 
within  Che  context  of  the  electric  field  spatial  structures  depicted  In 
Figure  1.  Also,  an  effort  Is  made  In  this  review  to  demonstrate  the  Important 
implications  of  downward-directed  electric  fields  In  the  return  current 
regions  to  the  problem  of  transverse  heating  of  ions. 


OBSERVATIONS  -  INVERTED-V  REGION 


Examples  of  particle  and  field  data  acquired  by  the  low-altitude  S3-3 
satellite  while  It  passed  through  a  number  of  regions  of  particle  acceleration 
are  shown  in  Figure  2.  The  figure  shows  electron  (.17-30  keV)  and  ion 
(.09-3.9  keV)  energy  flux  versus  time  along  with  a  plot  of  one  of  the  electric 
field  components  perpendicular  to  the  geomagnetic  field.  Note  that  the  ion 
energy  scale  is  reversed  and  the  particle  data  is  modulated  (in  pitch  angle) 
at  the  satellite  spin  period  of  20  seconds. 

During  the  20-minute  segment  of  data  shown  in.  Figure  2  S3-3  crosseir  a 
number  of  particle  acceleration  events  most  notably  those  at  41090,  41160  and 
41250  seconds  U.T.  and  a  broad  acceleration  region  from  41280-41440  seconds 
U.T.  Within  these  acceleration  regions  the  energy  of  precipitating  electrons 
Increases  (i.e.,  the  standard  Inverted-V  signature  /ll/)  and  upflowing  field- 
aligned  Ion  beams  are  observed.  The  correlation  in  space  and  time  between 
upward  Ion  and  downward  electron  acceleration  is  strong  evidence  for  accelera¬ 
tion  by  parallel  electric  fields  which  extend  over  a  broad  range  of  altitude. 
Acceleration  of  Ions  transverse  to  the  magnetic  field  is  evident  In  regions 
between  the  inverted-V  signatures,  most  notably  near  40850-41000  seconds  U.T. 
and  near  41200  seconds  U.T.  These  heated  ions  have  fluxes  which  peak  twice 
per  satellite  spin,  and  have  been  called  ion  conics  because  of  the  ions' 
conical  distribution  In  velocity  space. 

Each  of  the  regions  of  parallel  electron  and  ion  acceleration  are  asso¬ 
ciated  with  strong  signatures  in  the  perpendicular  electric  field.  These 
electrostatic  shocks  I'll  have  amplitudes  in  excess  of  400  mV/m.  The  perpen¬ 
dicular  electric  field  observations  from  41040-41340  seconds  U.T.  are  shown  in 
an  expanded  plot  in  Figure  3. 

Concentrating  on  the  x-component  of  the  electric  field,  corresponding 
roughly  to  the  equatorward  component,  one  sees  that  as  S3-3  flies  from  low 
toward  high  latitude  it  observes  perpendicular  electric  fields  %ihlch  are  first 
poleward  then  equatorward  through  the  regions  of  particle  acceleration. 

These  perpendicular  electric  field  signatures  occur  over  local  spatial  scales 
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Figure  3. 


A  plot  of  the  perpendicular  electric  field  components  observed  on 
S3-3  from  41040-41340  seconds  U.T.  on  29  July  1976. 


of  50  kilometers  and  are  of  a  polarity  which  is  consistent  with  that  sketched 
in  Figure  1.  It  has  been  shown  that  the  potential  drop  across  these  shocks 
scales  directly  with  the  upf lowing  Ion  beam  energy  within  the  shock  till, 
implying  a  causal  association  between  the  V-shaped  electric  field  structures 
and  ion  beams. 

Direct  observations  of  the  parallel  component  of  the  electric  field  have 
proved  to  be  extremely  difficult  to  accomplish,  but  recently  signatures  of 
small -amplitude  double  layers  have  been  recognized  in  the  electric  field  data 
of  the  S3-3  satellite  /13,14/.  An  example  of  a  direct  observation  of  double 
layers  from  the  electric  field  Instrument  on  S3-3  is  shown  in  Figure  4.  Three 
electric  field  components  are  plotted  in  Figure  4,  with  an  amplitude  scale  in 
the  upper  left.  The  figure  shows  approximately  0.4  seconds  of  data. 

The  dominant  signature  in  the  perpendicular  electric  field  in  Figure  4  is 
the  appearance  of  a  100  Hz  oscillation,  most  apparent  in  the  upper  plot.  This 
is  the  signature  of  electrostatic  hydrogen  cyclotron  waves,  which  are  known  to 
be  associated  with  acceleration  regions  and  ion  beams  /15/.  Clearly  visible 
in  the  plot  of  the  parallel  electric  field  component  are  about  ten  single¬ 
polarity  spikes,  with  amplitudes  of  1-10  mV/m.  The  total  potential  drop 
across  these  double  layers  has  been  estimated  at  about  a  volt,  and  they  appear 
to  be  passing  the  spacecraft  at  approximately  50  km/ s  /13/.  If  the  total 
auroral  potential  drop  of  a  few  kilovolts  is  due  to  the  summed  effect  of  these 
small-amplitude  double  layers,  one  would  require  thousands  of  double  layers 
distributed  over  several  thousand  kilometers,  since  the  average  parallel 
electric  field  due  to  double  layers  would  be  ^  1  mV/m.  Due  to  the 
difficulties  Involved  in  observing  double  layers,  no  substantial  survey  of 
their  occurrence  frequencies  or  distribution  has  been  accomplished. 

Turning  to  the  energetic  particle  observations  within  these  electric 
field  structures,  we  might  first  refer  to  Figure  5  which  describes  the 
expected  organization  of  electrons  in  the  presence  of  upward  parallel 
electric  field  /16/. 
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Figure  A.  An  example  of  S3-3  electric  field  observations  Including  the 

electric  field  component  parallel  to  the  local  magnetic  field, 
showing  the  existence  of  small-amplitude  double  layers  in  space. 


Under  the  Influence  of  a  potential  drop  between  the  distant  magnetosphere 
and  the  point  of  observation,  the  accelerated  magnetospherlc  electron  popula¬ 
tion  should  be  found  external  to  an  elliptical  boundary  whose  axes  depend  on 
the  strength  of  the  potential  and  whose  eccentricity  depends  on  the  magnetic 
field  ratio  of  the  system.  In  the  earth's  magnetospherlc  system  the  magnetic 
field  ratio  is  quite  large  (~  10-100)  and  one  would  expect  this  elliptical 
boundary  to  degenerate  to  a  circle  for  particle  observations  at  low  altitudes. 
Nominal  atmospheric  loss-cone  boundaries  become  modified  due  to  a  potential 
difference  between  the  atmosphere  and  the  point  of  observation  to  form  the 
hyperbolic  loss-cone  boundary  shown  in  the  figure.  Note  that  the  greatest 
modification  exists  at  the  lowest  particle  velocities,  and  the  modification  is 
such  that  the  loss  cone  becomes  exaggerated  at  low  energies.  A  region  of 
velocity  space  can  form,  labeled  T  in  Figure  5,  corresponding  to  particles 
which  mirror  above  the  atmosphere  but  are  trapped  below  the  electrical  poten¬ 
tial  barrier  at  high  altitudes.  This  representation  of  the  organization  of 
electron  populations  in  velocity  space  has  proved  quite  useful  in  interpreting 
particle  observations  within  inverted-Vs.  Actual  particle  observations  within 
an  Inverted-V  are  shown  in  the  form  of  contour  plots  of  particle  distribution 
functions  for  electrons  (left)  and  ions  (right)  in  Figure  6. 

The  accelerated  magnetospherlc  electron  population  in  Figure  6  is  the 
isotropic  (in  pitch  angle)  population  exceeding  a  velocity  of  0.3  x  10^ 
km/ sec.  Again,  a  field-aligned  electron  beam  is  not  expected,  due  to  the  high 
magnetic  field  ratio  in  the  magnetospherlc  system.  A  strong  signature  of  the 
atmospheric  loss  cone  is  apparent  in  the  electron  distribution,  particularly 
at  low  velocities  where  the  loss-cone  angle  is  exaggerated.  A  mirror  Image  of 
the  loss-cone  Is  observed  In  the  downflowing  direction  at  low  velocities  due 
to  the  reflection  of  low  energy  particles  by  the  electrical  potential  barrier 
at  high  altitude.  The  trapped  electron  population  is  quite  distinct  in  this 
example,  since  It  has  a  velocity  distribution  quite  different  from  that  of  the 
accelerated  or  loss-cone  populations.  The  trapped  electrons  are  distributed 
uniformly  In  parallel  velocity,  perhaps  due  to  the  long-term  summed  effect  of 
wave  particle  Interactions. 
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Figure  6.  Plots  of  Che  electron  and  ion  distribution  function  In  parallel 
and  perpendicular  velocity.  Contours  are  logarlthalc,  vlCh 
labels  corresponding  to  exponents  of  Che  power  ten  In  units  of 
sec^/km®. 


The  Ion  distribution  In  this  case  Is  a  classic  example  of  an  upflowing 
field-aligned  Ion  beam.  The  obvious  interpretation  of  the  ion  beam  Is  that 
ionospheric  ions  have  been  accelerated  upward  along  the  auroral  field  lines  to 
keV  energies.  Statistical  studies  have  shown  that  a  significant  fraction  of 
this  ion  acceleration  occurs  in  the  1  altitude  region  /17,18/.  These 
ionospheric  ions  must  undergo  substantial  parallel  and  perpendicular  heating 
in  order  to  account  for  the  observed  ion  beam  temperatures.  This  heating  is 
not  surprising  since  large-amplitude  ion  cyclotron  waves  occur  commonly  in 
inverted -Vs  /15/. 

It  should  be  noted  that  the  particle  observations  shown  here  were 
acquired  well  within  Inverted-V s,  and  they  certainly  contain  a  number  of 
signatures  attributable  to  acceleration  by  parallel  electric  fields.  Particle 
observations  near  the  edges  of  Inverted-V's  show  more  complicated  velocity 
distributions  /19/,  indicating  that  other  mechanisms  might  act  along  with 
parallel  electric  fields  to  redistribute  particles  in  velocity  space. 


OBSERVATIONS  -  RETURN  CURRENT  REGION 


Within  the  return  current  region,  field  aligned  currents  are  expected  to 
be  carried  primarily  by  cold  ionospheric  electrons  flowing  upward.  This  down¬ 
ward  current  region  is  expected  to  be  unstable  to  electrostatic  hydrogen  and 
oxygen  cyclotron  waves.  The  ions  are  expected  to  be  heated  preferentially  in 
perpendicular  temperature,  producing  a  pronounced  “pancalie"  distribution  in 
velocity  space.  Indeed,  highly  anisotropic  heated  Ion  distributions  have  been 
observed  within  and  above  the  heating  region,  and  two  characteristic  examples 
are  shown  in  Figure  7.  The  ion  conic  example  on  the  left  of  Figure  7  shows  a 
heated  ion  distribution  within  the  heating  region,  and  the  ions  have  a  very 
anisotropic  "pancake"  distribution  extending  to  keV  energies.  In  the  example 
on  the  right,  the  peak  ion  flux  is  at  an  intern^diate  angle  between  mirroring 
(90°)  and  upf lowing  (180°)  directions,  producing  a  conical  distribution  in 
velocity  space.  The  general  interpretation  la  that  observations  such  as  the 
right  panel  of  Figure  7  are  acquired  above  the  heating  region,  where  the  ions 
show  the  focussing  effect  of  the  magnetic  mirror  force.  By  mapping  ion  conics 
to  their  mirror  (source)  point  it  has  been  determined  that  the  dominant  heat¬ 
ing  region  is  near  2000  km  altitude  /I8/. 

A  great  deal  of  experimental  and  theoretical  work  has  been  performed  in 
order  to  determine  the  mechanism  responsible  for  the  very  efficient  heating 
which  causes  ion  conics.  A  number  of  important  observations  associating  the 
occurrence  of  ion  conics  with  field-aligned  currents  have  been  noted.  In 
particular,  data  from  the  ISlS-2  spacecraft  have  been  used  to  demonstrate  an 
apparent  threshold  effect  in  the  dependence  of  ion  heating  on  parallel  current 
density  /3/.  An  association  between  ion  conics  and  field-aligned  current 
density  is  not  surprising  since  it  is  known  that  observed  low-frequency  wave 
amplitudes  also  scale  with  field-aligned  current  strength  /20/.  A  problem 
exists,  however,  in  that  attempts  to  Identify  the  plasma  wave  mode  responsible 
for  ion  heating  have  proved  somewhat  disappointing.  Observed  wave  amplitudes 
(e.g.,  hydrogen  cyclotron  waves,  lower  hybrid  waves)  in  the  region  of  heating 
are  substantially  lower  /21/  than  that  required  for  the  inferred  particle 
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Examples  of  transversely  heated  ion  distributions  (ion  conics) 
observed  by  the  S3-3  satellite  within  (left)  and  above  (right) 
the  heating  altitude. 


heating  rates.  The  fundamental  problem  with  producing  energetic  Ion  conics  Is 
that  heating  rates  must  be  very  large  In  order  to  produce  the  observed  mirror 
point  Ion  energies  before  the  magnetic  mirror  force  expels  the  Ions  from  the 
heating  region.  Fortunately  recent  satellite  observations  and  theoretical 
descriptions  of  the  return  current  regions  have  unveiled  new  Insights  Into  the 
Ion  conic  generation  mechanism.  Theoretical  models  have  predicted  the 
existence  of  downward-directed  potential  drops  along  return  current  field 
lines  /8/.  If  present,  these  downward  electrical  potential  drops  might  retard 
the  propagation  of  Ions  out  of  the  heating  region,  leading  to  enhanced  net 
heating  /5/.  Observational  evidence  for  Che  existence  of  downward  potentials 
has  begun  to  emerge  /3,4,5/  and  an  example  is  shown  In  Figure  8. 

Figure  8  presents  Ion  and  electron  data  from  the  ISIS-2  spacecraft  as  a 
function  of  time,  over  a  period  In  which  Che  Instrument  scanned  a  complete 
range  of  pitch  angles  (center  panel).  The  data  clearly  show  the  occurrence  of 
intense  upf lowing  field-aligned  electron  beams  (Indicated  by  upward  arrows)  In 
association  with  transversely  accelerated  Ions  (note  peaks  In  Ion  flux  at  90* 
pitch  angles).  These  electron  data  have  been  interpreted  as  signatures  of 
downward  potentials  of  a  few  tens  of  volts  between  Che  atmosphere  and  Che 
point  of  observation.  Upward  acceleration  of  ionospheric  electrons  to 
hundreds  of  electron  volts  has  been  observed  at  higher  altitudes  /5/. 

A  downward  parallel  electric  field  In  Che  return  current  region  would 
significantly  modify  the  accepted  picture  of  Ion  conic  formation.  Downward 
parallel  electric  potential  drops  of  sufficient  magnitude  could  balance  or 
overcome  the  magnetic  mirror  force  on  the  ions,  crapping  then  at  low  altitude 
and  preventing  propagation  upward  until  the  ion  kinetic  energy  becomes  greatly 
enhanced  through  multiple-pass  wave-particle  heating.  For  trapping,  Che 
dotmward  force  due  Co  Che  electric  field  must  at  least  balance  Che  magnetic 
mirror  force.  That  Is, 
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Figure  8.  Data  from  the  ISIS-2  spacecraft  showing  the  occurrence  of 

upflowing  field-aligned  electron  beams  In  association  with  Ion 
conics.  The  figure  shows  two  ex^unples  of  the  phenomenon.  In 
which  electrons  of  Ionospheric  origin  have  been  accelerated 
upward  to  energies  of  a  few  tens  of  electron  volts. 


22 


4  > 

A 


where  q  Is  the  charge,  u  the  magnetic  moment,  ts  the  perpendicular  energy 
and  z  Is  the  distance  along  the  magnetic  field  line.  The  critical  parallel 
electric  field  for  trapping  Is  approximately 

G  (  icc  V  ) 

(mV/m)  =  0.471  ^Yr7 
e ' 

As  an  example,  for  =  100  eV  at  2000  km  altitude  (typical  ion  conic  param¬ 
eters)  we  get  E|  “  0.04  mV/m.  For  a  distributed  electric  field  this  corre¬ 
sponds  to  a  potential  drop  of  40  volts  per  1000  kilometers.  Note  that  the 
parallel  electric  field  required  to  trap  a  100  eV  perpendicular  Ion  conic  at 
low  altitude  Is  quite  reasonable  compared  with  that  Inferred  from  S3-3 , 

ISIS-2,  and  DE-1  observations.  Ion  trapping,  enhanced  heating,  and  escape 
might  be  a  general  sequence  of  events  leading  to  Ion  conics. 

The  trajectories  of  Ions  In  a  region  of  downward  parallel  electric  field 
and  heating  could  be  quite  complicated  and  strongly  dependent  on  the  distri¬ 
bution  of  electric  fields  and  heating  In  altitude.  However,  some  important 
characteristics  of  Ion  trajectories  In  a  trapping  environment  can  be  demon¬ 
strated  using  a  straightforward  test-particle  approach  /22/. 

Although  test-particle  calculations  cannot  reproduce  effects  due  to  the 
collective  behavior  of  the  plasma  (e.g.,  diffusion),  valuable  information  can 
be  gained  on  the  access  of  particles  to  leglons  of  space  and  velocity  space. 

One  can  rather  simply  describe  the  trajectory  of  an  Ion  In  velocity 
(V|,  v^)  and  distance  along  a  magnetic  field  line  (z)  Including  the  effects  of 
a  parallel  electric  field  (Ej),  perpendicular  energy  gain  due  to  wave-particle 
Interactions  (de^/dt)^p^,  and  parallel/perpendicular  momentum  transfer  due  to 
propagation  along  a  converging  magnetic  field.  Thus,  the  parallel  momentum 
equation  can  be  written 


m 


dv 

dt 
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where  all  the  symbols  have  their  standard  meanings.  The  perpendicular  energy 
of  the  particle  Is  determined  by  propagation  of  the  particle  along  the  con¬ 
verging  magnetic  field,  but  Is  modified  by  wave-particle  perpendicular 
acceleration.  Thus, 


V  e 

«  1 


d  In  B  ^ 
dz 


(A) 


This  system  of  equations  can  be  solved  Iteratively  for  the  trajectory  In 
velocity  (V|,  Vj^)  and  altitude  (h  ”  z  -  1).  We  use  a  simple  model  Including  a 
uniform  parallel  electric  field  E  =  -0.1  mV/m  and  a  uniform  perpendicular 
heating  rate  (de^/dt)WPI  =  1  eV/sec  over  the  altitude  range  0.1  Rg  <  h  <  |r^. 
Figure  9  shows  the  evolution  of  an  Ion  trajectory  In  perpendicular  velocity 
and  altitude.  The  Ion  Is  released  at  zero  velocity  at  an  altitude  of  0.1  Rg, 
and  the  resulting  trajectory  (1)  Is  plotted  at  one  second  time  Intervals. 
Initially  the  particle  Is  energized  by  the  simulated  wave-particle  Inter¬ 
action.  Once  It  acquires  significant  perpendicular  energy  the  particle  Is 
forced  upward  due  to  the  magnetic  mirror  force.  The  particle  propagates 
upward,  exchanging  perpendicular  for  parallel  momentum,  but  losing  kinetic 
energy  because  of  the  downward  parallel  electric  field.  Eventually  the 
particle  Is  reflected  and  executes  a  number  of  trapped  bounces  while  gaining 
more  perpendicular  energy  through  wave-particle  acceleration.  Note  that  In 
executing  the  trapped  portion  of  the  trajectory  the  highest  particle  energy 
occurs  at  the  low-altitude  mirror  point.  In  the  case  shown  the  particle 
escapes  at  a  pitch  angle  of  HS"  and  an  energy  just  under  200  eV,  whereas  It 
attains  an  energy  well  above  600  eV  within  the  trapping  region.  For  refer¬ 
ence,  a  second  trajectory  (2)  Is  plotted  which  describes  the  Ion  motion  In  the 
absence  of  a  parallel  electric  field.  In  this  case  [with  the  same  heating 
rate  as  case  (1)]  the  Ion  would  gain  a  maximum  of  just  under  100  eV  kinetic 
energy. 
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The  lower  panel  of  Figure  10  shows  a  composite  of  several  ion  trajec¬ 
tories,  starting  over  a  range  of  altitude  from  .05  Rg  to  0.2  Rg.  It  is 
apparent  that  the  nature  of  the  ion  trajectories  is  not  significantly  affected 
by  the  starting  point  of  the  particle  but  is  strongly  governed  by  the  Imposed 
electric  field  model.  Note  that  all  particles  have  mirror  points  near  0.1  R^ 
altitude  where  they  reach  their  maximum  energy. 

Figure  10  shows  the  evolution  of  ion  pitch-angle  distributions  in  alti¬ 
tude.  To  construct  Figure  10,  40  particle  trajectories  were  run  simulta¬ 
neously  and  the  particle's  pitch  angles  were  sampled  at  altitudes  1000  k.m, 

5000  km,  6000  km  and  7000  km.  These  pitch  angle  "densities"  are  labeled  1,  5, 
6,  and  7  in  the  figure  respectively.  As  expected,  the  pitch  angle  distri¬ 
bution  at  1000  km  altitude  is  sharply  peaked  at  90®,  with  a  slight  bias  toward 
the  upflowlng  direction.  The  pitch-angle  distribution  at  5000  km  altitude 
(within  the  trapping  region  in  this  model)  is  somewhat  bimodal  or  counter¬ 
streaming,  again  with  the  upflowlng  density  exceeding  the  downflowing  density 
due  to  the  escape  of  some  fraction  of  the  particles  from  the  trap.  The  pitch- 
angle  distributions  at  6000  and  7000  km  altitude  are  characteristic  of  the 
escaping  particles.  The  distributions  are  upflowlng,  and  peaked  at  128®  and 
136®,  respectively  (i.e.,  conical).  Note  that  the  distributions  observed 
above  the  region  of  trapping  show  no  evidence  of  the  trap  other  than  enhanced 
heating  —  the  pitch  angle  distributions  appear  exactly  as  though  the  ions 
gained  all  of  their  energy  at  a  low  altitude  mirror  point.  Again,  the  simple 
model  presented  here  is  not  meant  to  precisely  represent  the  real  world,  but 
rather  to  demonstrate  the  effects  of  trapping  on  ion  energies  and  trajec¬ 
tories.  The  altitude  distribution  of  heating  and  electric  fields  would 
certainly  affect  the  resulting  ion  spectra  and  pitch  angle  distributions. 


SUMMARY 


Observations  of  plasmas  and  electric  fields  within  the  regions  of  space 
responsible  for  auroral  particle  acceleration  have  verified  the  existence  of 
electric  fields  with  components  parallel  to  the  magnetic  field  over  large 
altitude  regions.  Evidence  exists  that  small-amplltude  double  layers  spread 
along  the  auroral  magnetic  field  lines  provide  the  mechanism  for  the  mainte¬ 
nance  of  the  auroral  potential,  although  a  complete  survey  of  the  occurrence 
of  double  layers  has  not  yet  been  accomplished. 

Evidence  also  exists  for  parallel  electric  fields  directed  downward  along 
magnetic  field  lines  In  the  return  current  region.  Ion  conics  and  upflowlng 
electron  beams  are  also  found  within  the  return  current  regions.  These  down¬ 
ward  parallel  electric  fields  are  capable  of  significantly  affecting  Ion 
trajectories,  and  further  theoretical  Investigation  of  the  effects  of  downward 
parallel  electric  fields  Ion  conic  formation  Is  warranted. 
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LABORATORY  QfEKATHHiS 


lYie  L«bor«torv  0p«r4tlont  of  The  Aorospaco  Corporation  la  conducting 
a<parl«antal  and  thaoratlcai  InvaatigatlofM  nacaaaary  for  tha  avaluation  and 
application  of  aelantlflc  advancaa  to  naw  allltary  apace  avgta^a.  Varaatility 
and  flaxlbUity  have  bean  davatopad  to  a  high  dagraa  by  the  laboratory  parson- 
na\  In  daallnc  vith  tha  Mny  problaaa  ancountarad  In  tha  nation's  rapidly 
davalnnlna  space  avstafta*  Cxpartlsa  In  the  latest  scientific  davalopsiants  la 
vital  to  tha  accoMolishawnt  of  tasks  related  to  these  prob\a«s.  tha  labora¬ 
tories  that  contribute  to  this  research  are: 

Aarophvaica  Laboratory:  Launch  vehicle  and  reentry  fluid  Mechanics,  neat 
transfer  and  flitht  dvnaMics;  chasitcal  and  electric  propulsion,  propellant 
chaniserv,  environmental  hazards,  trace  detection;  spacecraft  atructural 
mechanics,  contamination,  thermal  and  atructural  control;  high  temperature 
thersMimechanica,  gas  kinetics  and  radiation;  c«  and  pulsed  later  development 
Including  chemical  kinetics,  spectroscopy,  optical  resonators,  beam  control, 
ataoapharlc  propagation,  laser  effects  and  countermeasures. 

Chemlatty  and  Physics  Laboratory;  Atmospheric  chamlcal  raactlons,  atmo- 
ipharle  optics,  light  scattaring,  atate*apeclf Ic  chamlcal  raactlons  and  radta*- 
tlon  transport  In  rockat  plumes,  applied  laser  spectroscopy,  laser  chemistry, 
laser  optoelectronics,  solsr  cell  physics*  battery  electrochemistry,  spsca 
vacuum  and  radiation  effacts  on  meteriala*  lubrication  and  surface  phenomena, 
thermionic  emission*  photosensitive  materials  and  dateetors,  ttomlc  fraqueney 
standards,  and  environmental  chemistry. 

Computer  Science  Laboratory:  Program  verification,  program  translation, 
performance-sensitive  system  design,  distributed  srehitectures  for  spsceborne 
computers,  fsult-tolersnt  computer  systems,  ertlftclal  intelligence  and 
mlcroclactronics  applications, 

Electronics  Research  Laboratory:  Kicroelectronica,  RaAa  loe  noise  and 
pouer  devices,  semiconductor  losers,  electromsgnetlc  and  optical  propegstlon 
phenomena,  quantum  claetronlct,  laser  communlcstlons,  Udsr,  and  electro¬ 
optics;  communicstton  sciences*  applied  electronics,  semiconductor  crystal  and 
device  phvsics,  radiosmtrlc  Imaging;  milllmater  emve,  mteromave  technology, 
and  RF  systems  research. 

Materials  Sciences  Laboratory;  Developmant  of  nee  materials:  mttsl 
matrix  composites,  polymers,  and  nee  forma  of  carbon;  nondestructive  evalua¬ 
tion,  component  failure  enalyiis  end  reliability;  fracture  mechanics  and 
atreaa  corrosion;  analysis  and  avaluation  of  materiala  at  cryogenic  and 
clevatad  temperatures  es  sell  es  In  specs  and  enemy-inducad  environments* 

Space  Sciences  laboratory:  Hsgnetos^ierlc,  auroral  and  cosmic  ray  phys¬ 
ics,  esv^psVtTcie  rnteractions,  magnetospheric  plaema  waves;  stsMSpheclc  and 
Ionospheric  physics,  density  and  composition  of  tha  upper  atmosphere,  remote 
sensing  using  atmospharic  radiation;  solar  physics,  infrared  astronomy, 
infrared  signature  analyaia;  effects  of  solar  activity,  magnetic  storms  and 
nuclear  asploalona  on  the  earth's  atmosphere.  Ionosphere  and  magnetosphere; 
effects  of  electromagnetic  end  particulate  radlatlene  on  specs  systems;  space 
t net rument at ion. 


